Abstract Sleep disturbance can contribute to negative health outcomes. However, sleep complaints have been underrecognized and undertreated in caregivers of ill family members. This systematic review describes the impact of family caregiving on sleep and summarizes factors associated with sleep disturbance in caregivers. A literature search using PubMed, MEDLINE, PsycINFO, and CINAHL databases yielded 22 relevant research articles on family caregivers of ill adults. Analyses revealed that up to 76 % of caregivers reported poor sleep quality, and the proportion is considerably higher for female caregivers compared to male caregivers. Sleep measures indicated short sleep duration and frequent night awakenings. Characteristics of the care recipient, such as health status, and the caregiver's own health status and symptoms, such as depression, fatigue, and anxiety, were associated with sleep disturbance in caregivers. These factors may help clinicians identify caregivers at highest risk for developing sleep disturbance and guide the family toward additional support.
Introduction
Caregiving is an important public health concern in the USA, where it is estimated that approximately 66 million people serve as informal caregivers [1] . Informal care is defined as unpaid care provided to a relative or friend to help them take care of themselves or to a child with personal needs due to illness or disability [1] . Since approximately 66 % of informal caregivers are women [1], caregiving is a common issue that impacts women's sleep.
Many caregivers report high levels of burden, stress, and depression [2, 3] . The long-term stress-related consequences of caregiving include increased risk for mortality [4] and morbidities such as coronary heart disease or stroke [5] . Caregivers also have a high prevalence of sleep disturbance. Prior reviews indicate that as many as 50-70 % of caregivers for a family member patient with dementia experience sleep disturbance [6••] and approximately 40 % of caregivers for a family member with cancer reported sleep problems [7••] . The most common types of sleep problems in caregivers of adults with cancer are short sleep duration and nocturnal awakenings, resulting in daytime dysfunction [7••] . Sleep disturbance contributes to adverse health outcomes and poor quality of life for caregivers [6••, 8] . However, sleep disturbance in this population is under-addressed and undertreated [6••] .
If clinicians are to prevent or ameliorate sleep disturbance and improve health in the population of family caregivers, it is important to understand how caregiving impacts sleep and the extent to which characteristics of both the caregiver and the care recipient are associated with sleep disturbance.
Identifying modifiable risk factors for poor sleep may help
This article is part of the Topical Collection on Women and Sleep * Eeeseung Byun ebyun@uw.edu; byunjoy@gmail.com identify potential areas for intervention to improve sleep and allow for better coping and less burden in the role of informal family caregiver. Thus, the purposes of this systematic review are to describe the prevalence and types of sleep problems experienced by caregivers and to summarize the risk factors associated with sleep disturbance in informal family caregivers of adults living with chronic or life-threatening illness.
Methods Data Sources
We searched PubMed, MEDLINE, PsycINFO, and CINAHL databases for relevant literature using the keywords Bsleep, insomnia, or circadian rhythm^and Bcaregiver or family.^In order to focus on recent research, articles in peer-reviewed journals between January 2013 and May 2016 were identified and then included if they were in the English language and involved adult participants. For inclusion in this analysis, articles were selected only if researchers met the following four criteria: (1) sampled caregivers of an adult family member, (2) examined sleep using subjective or objective measures, (3) reported on original data collected from caregivers, and (4) reported a factor affecting sleep or sleep as an outcome or dependent variable. We initially screened titles of articles from each search engine and selected articles potentially relevant to caregivers of adults or sleep in caregivers. After deleting duplicate articles, 148 articles remained and the abstracts were reviewed. After reviewing the 77 full-text articles that were unclear or potentially met inclusion criteria, a final set of 22 articles were eligible and included in this review . Table 1 summarizes the sample characteristics, sleep findings, and any factors associated with sleep for each article included in our review. The sample size of caregivers across studies ranged from 12 to 300 (median = 113, interquartile range = 113) . The mean age of caregivers ranged from 40.7 ± 13.6 to 74.2 ± 7.9 years. Most caregivers were women, ranging from 43 to 90 % of the study samples. Most caregivers were spouses or partners (9 to 100 %) or adult children (6 to 86 %). Seven of the 22 articles reported race/ethnicity, and the majority of caregivers were White, ranging from 57 to 94 % [13, 20, 21, [23] [24] [25] 28] of the study samples. The most frequent illnesses represented by care recipients were dementia (including Alzheimer's disease) [11, 13, 14•, 18, 22-25, 29 •] and cancer [15•, 19, 26, 27, 30] . Other illnesses among care recipients included Parkinson's disease [13] , osteoarthritis of the knee [17•] , primary malignant brain tumor [20] , and allogeneic hematopoietic stem cell transplantation [21] . Also included were family caregivers of patients who underwent peritoneal dialysis [9] , hemodialysis [10] , and renal transplantation [9, 10] ; patients in intensive care units (ICUs) [12, 28] ; and patients admitted to hospice [16] . The mean age of care recipients ranged from 53 to 85 years. Of the 22 published studies, 13 included the sex of care recipients and included both men and women [11, 14•, 15•, 16, 17•, 18-20, 22-23, 24•, 26, 27] .
Results

Study Sample Characteristics
Study Measures of Sleep
The Pittsburgh Sleep Quality Index (PSQI) [31] was the most frequently used measure (14 of the 22 studies) to assess selfreported sleep quality in the past month [9, 10, 13, 15•, 16, 17•, 18, 20-25, 29•] . Three studies [11, 12, 26] used the General Sleep Disturbance Scale (GSDS) [32] to assess selfreported frequency of specific sleep problems during the past week. One study [28] used the Epworth Sleepiness Scale (ESS) to assess the likelihood of falling asleep in common daily situations [33] and the Functional Outcomes of Sleep Questionnaire-short form (FOSQ-10) [34] to assess impairment of daily activities due to sleepiness. Other studies [19, 27, 30] used the Insomnia Severity Index (ISI) [35, 36] , a questionnaire that assesses the severity of insomnia symptoms and how much caregivers were bothered by insomnia symptoms, and the Symptom Checklist-90 (SCL-90) subscale related to sleep [37] . Two qualitative studies described caregivers' sleep experiences using thematic analysis [14] or a phenomenological framework [24•] . Six studies used a wrist actigraph [15•, 16, 18, 22, 29•] or an accelerometer [20] device to obtain an objective measure of sleep parameters, such as total sleep time (TST), wake after sleep onset (WASO), daytime napping, sleep onset latency, and sleep efficiency. Two studies reported sleep-wake cycle variables such as bedtime and wake time [18, 20] . Participants in these six objective sleep studies wore the monitoring device from one night to longer than 2 weeks.
Self-Reported Sleep Among Caregivers
Poor sleep quality and sleep disturbance were the most frequent self-reported sleep problems described in the 22 studies. The mean PSQI scores among the 14 studies using this measure ranged from 2 to 9 on a scale of 0 to 21, and between 8 and 76 % (median = 52, interquartile range = 53) of caregivers reported PSQI global scores greater than 5, indicating poor sleep quality. The mean GSDS scores among the three studies using this measure ranged from 38 to 46. Between 31 and 39 % of caregivers Age years, GSDS General Sleep Disturbance Scale, ISS Insomnia Severity Index, PSQI Pittsburgh Sleep Quality Index, TST total sleep time, WASO wake after sleep onset of oncology patients reported significant sleep disturbance (scores above 43) [26] , and 58 % of caregivers of ICU patients reported moderate to severe sleep disturbance [12] . Nearly half of caregivers for ICU patients experienced excessive daytime sleepiness based on a cut point of ≥10 on the ESS, and 62 % of caregivers experienced impairment in daily function due to daytime sleepiness [28] . Between 63 and 87 % of caregivers of patients with cancer reported insomnia [19, 27] ; 30 % experienced moderate to severe insomnia symptoms [19] . Most caregivers for people with dementia believed that their sleep quality was poor, which was supported by the PSQI scores (mean = 6.8 ± 3.3) [24•]. Gibson and colleagues analyzed focus group data from 12 caregiver-patient dyads, and the following four common issues related to caregiver sleep emerged: being awakened at night, having problems getting back to sleep, trips to the bathroom for both patients and caregivers, and daytime sleepiness [14•] .
Objective Sleep Among Caregivers
Actigraph-based TST for 24 h ranged from 6.3 to 8.1 h (median = 7.2) [15•, 16] and TST at night ranged from 4.6 to 8.1 h (median = 7.3, interquartile range = 1.4) [15•, 16, 18, 20, 22, 29•] . TST at night was shorter than 7 h in 30 % of caregivers of patients admitted to hospice [16] . The mean bedtime ranged from 22:37 p.m. ± 57 min to 23:04 p.m. ± 111 min and the mean wake time ranged from 6:45 a.m. ± 20 min to 7:14 a.m. ± 60 min in the two studies that reported on these times [18, 20] .
Sleep maintenance was in a narrow range from 86 to 88 % of the time in bed [18, 29•] , but the number of night awakenings fluctuated between 4 and 30 (median = 9, interquartile range = 23) [15•, 16, 18, 20] , while minutes of WASO ranged from 8 to 112 (median = 64, interquartile range = 4.5) [16, 18, 22, 29•] . Due to wide variations in nocturnal sleep duration, WASO is often standardized as a percentage of the person's time in bed after sleep onset (WASO%). WASO% ranged from 15 to 20 % (median = 18) [15•, 16, 20] . Half of the caregivers for patients admitted to hospice experienced sleep disruption based on WASO ≥15 % [16] . Other studies reported sleep onset latency that ranged from a mean of 7 to 35 min (median = 10) [15•, 20, 22] , sleep efficiency that ranged from 91 to 98 % (median = 95) [15•, 22] , and daytime nap duration that ranged from 16 to 101 min (median = 28) [15•, 16, 20] . The variability in sleep onset latency and daytime napping in these samples of caregivers for a patient with cancer, malignant brain tumor, or dementia is typical of most studies regardless of the population.
Factors Associated with Sleep Disturbance
Caregiver Characteristics
Several caregiver demographic factors were associated with poor sleep. Compared to men, women caregivers reported poorer sleep quality [15•, 29•] , worse sleep disturbance [26] , and more impairment in daily function due to daytime sleepiness [28] . Simpson and Carter also reported that gender was associated with sleep quality [23] . In critical care situations, the older the caregiver, the higher the functional impairment due to sleepiness [28] . The type of relationship between the care recipient and the caregiver was associated with sleep disturbance. Once a patient was admitted to hospice, their spouse or partner experienced less sleep disruption (WASO% and WASO minutes) than other family caregivers [16] . In a longitudinal sample of 278 family caregivers for a patient with cancer, female spouses or partners experienced worse sleep disturbance than male spouses or partners, yet it was other family caregivers who reported more sleep disturbance than a spouse or partner when they distinguished other family caregivers from spouse or partner caregivers [26] . In addition to sex, the caregiver's employment status was also associated with sleep disturbance in some studies. In an early or advanced stage of cancer, caregivers who were unemployed reported more sleep disturbance than employed caregivers [15•, 26] . Unemployed caregivers of patients with a malignant brain tumor had higher WASO [20] than employed caregivers. For caregivers of patients in an early phase of cancer, employed males had worse sleep than employed females and employed spouse/partner caregivers had worse sleep than other employed family caregivers [26] .
Other caregiver characteristics associated with poor sleep quality include increased role overload [29•] and lack of support [15•] . Unexpectedly, caregivers with higher self-esteem experienced poorer sleep quality [15•] . These caregivers may have high expectations regarding their caregiving responsibility and experience high stress, which may have increased their level of sleep disturbance [15•] . In one study, caregivers with more roles (e.g., caring for children, working, and volunteering) had better sleep quality and less depression [25] . The caregiver's living situation may also be associated with sleep disturbance. Although self-reported sleep quality was found to be similar in caregivers who lived with, or separate from, their family member with dementia, the caregivers who lived with the care recipient reported more frequent sleep disruptions at night [25] . When caregivers had a family member in an adult medical-surgical ICU, those who did not live with the patient prior to admission reported worse sleep than those who did live with the patient, and caregivers who spent at least one night at the hospital reported worse sleep than those who never slept in the hospital [12] .
Caregiver Symptom Experience and Health Status Associated with Sleep
Depression was the symptom most frequently associated with self-reported sleep disturbance [11] and poor sleep quality [13, 17•, 23] . The use of antidepressant medication was associated with longer sleep duration for the caregivers of spouses with Alzheimer's disease [29•] . Anxiety was also associated with both self-reported sleep disturbance [12] and poor sleep quality [20] . However, in a sample of primarily female spousal caregivers for malignant brain tumor patients, anxiety was associated with longer TST and lower WASO, as measured by three nights of actigraphy [20] . Fatigue was also associated with self-reported sleep disturbance [11, 12] . Qualitative data from family caregivers of people with dementia indicated that poor mood (including worry and depression) was related to their sleep problems, and while they felt physically and mentally exhausted by bedtime, they still had problems falling asleep [14•] .
Sleep quality was associated with the caregiver's own health status [15•] and self-reported healthy behaviors [21] . Self-reported sleep disturbance was related to current poor health status of caregivers of a spouse with cancer [30] . As in most populations, higher body mass index (BMI) was associated with more WASO and reduced sleep percentage in caregivers of spouses with Alzheimer's disease [29•] . Shorter sleep time was also associated with more health problems for these caregivers. During sleep, sympathetic nervous system activity measured with heart rate variability was higher in caregivers of a family member with dementia than in noncaregivers, especially for the first half of their sleep period [22] .
Other Psychosocial Factors
Caregiver distress was associated with poor sleep quality [15•, 21] , sleep disruption [18] , and insomnia [19] . Caregivers with better coping skills had less disturbed sleep [30] . Positive affect (e.g., excited, proud, and active) was associated with better sleep quality [29•] , whereas negative affect [17•] and burden [21] were associated with poor sleep quality. Fredman and colleagues compared older adult caregivers and noncaregivers [13] . PSQI scores did not differ between these two groups, but when they categorized the sample by depression scores on the CES-D, caregivers with high positive affect (feeling of psychological well-being) reported significantly better sleep quality scores on the PSQI than caregivers with negative affect, although this association was no longer statistically significant after adjusting for age, gender, education, number of medical conditions, and physical activity [13] .
Care Recipient Factors
Nighttime dementia-related behaviors often disrupt a caregiver's sleep [14•] , and poor sleep quality is common among these caregivers [18] . Agitation and apathy in people with dementia were associated with poor sleep quality for the caregiver [23] , and their sleep quality fluctuated with the cognitive status of the family member with dementia [24•] . Behavior problems in people with dementia were associated with poor sleep quality and more WASO in their caregivers [29•] .
Physical function of adults with brain tumors was associated with the caregiver's objective actigraphy sleep measures; care recipients with higher physical function had caregivers with longer TST, while care recipients with lower physical function had caregivers with higher WASO [20] .
The care recipient's sleep quality from the previous day was associated with caregiver sleep quality in a sample of patients with osteoarthritis of the knee and their caregivers [17•] . Among caregivers of patients with cancer, shorter period of time after diagnosis of cancer was associated with poorer sleep quality for the caregiver [15•] and mixed treatments for cancer were associated with worse sleep disturbance in caregivers than single modes of treatment [30] .
The worse the health status of patients in adult medical-surgical ICUs, the worse the caregiver's self-reported sleep disturbance on the GSDS [12] . In addition, caregivers for patients who were transferred to the ICU from another location in the hospital or from another hospital reported worse sleep disturbance than caregivers of a patient transferred from home [12] .
Discussion
Our systemic review of the recent literature examining sleep and associated factors in caregivers showed that most caregivers reported poor sleep quality. Self-reported sleep disturbance in caregivers was also highly prevalent. Caregivers often reported sleep disruption, particularly caregivers of persons with dementia due to dementia-related behaviors in their care recipients. Caregivers of critically ill patients experienced excessive daytime sleepiness and impairment of daily activities due to sleepiness. Caregivers of cancer patients often reported insomnia. Data from actigraphy monitoring indicated short sleep duration, frequent nocturnal awakenings, and sleep disruption (WASO) in caregivers. Caregivers of cancer patients and malignant brain tumor patients napped during the day. Caregiver characteristics, such as gender, age, relationship to the care recipient, and employment status, were associated with sleep disturbance, although the reported directions were not always consistent. Sleep disturbance in caregivers was also associated with the caregiver's own health status, symptoms of depression, anxiety, and fatigue, as well as other psychosocial factors such as distress and burden. Sleep disturbance in caregivers was also influenced by care recipient factors such as hospital transitions, dementia-related behaviors, and worsening health status.
Female caregivers reported more sleep problems than male caregivers, although earlier studies of caregivers for patients with cancer and Alzheimer's disease concluded that there was no sex difference in sleep disturbance [26, 38, 39] . These conflicting results may be related to measurement issues, as women are known to differ on selfreported sleep measures when comparing their responses to objective sleep measures [40] .
The caregiver's own health status was significantly associated with sleep disturbance [15•, 21, 30] . This would be of concern to clinicians but should also be a concern of researchers who may need to control for the health status and comorbidities of a caregiver when studying sleep parameters or testing interventions to improve sleep in this population. Compared to other types of family caregivers, female spouse caregivers may be older and caring for an even older spouse. They may be experiencing age-related sleep disturbances related to menopausal symptoms, placing them at even higher risk for sleep disturbance when caregiving becomes a family responsibility. Given that poor sleep quality is associated with cognitive problems [41, 42] and trouble sleeping is associated with poorer medication adherence in adults living with a chronic illness [43] , sleep disturbance in caregivers may influence not only their caregiver role and daily function, but also their ability to administer medical regimens related to their health and the health of their family member. Thus, addressing health issues and sleep disturbance would be particularly important for female spouse caregivers.
Symptoms of depression, anxiety, and fatigue, as well as psychosocial distress and burden, were associated with a caregiver's sleep disturbance in both cross-sectional and longitudinal studies. These symptoms and psychosocial issues are likely to co-occur with sleep disturbance, rather than cause sleep disturbance. Although symptom clusters in caregivers are not well studied, symptom clusters for pain, fatigue, sleep disturbance, and depression have been reported in cancer patients [44] . Symptoms such as depression, anxiety, and sleep disturbance closely relate to caregiver burden [2] . More tailored intervention strategies that treat and manage sleep disturbance with other concurrent symptoms in caregivers may help clinicians to maximize health outcomes. More frequent measures of these symptoms in longitudinal studies may be informative, yet most measures ask caregivers to respond while thinking about the past week or month, making it difficult to ascertain which symptom may have occurred first.
The care recipient's health status was associated with the caregiver's sleep disturbance [12] . Osteoarthritis-related knee pain [17•] and dementia-related behavior problems [14•, 18, 29 •] in care recipients impacted the caregiver's sleep. However, specific sleep locations for the dyad are not reported and would influence the extent of these associations. While laboratory sleep studies are typically single-bed polysomnography studies conducted without the bed partner, dyadic sleeping arrangements are not typically described in research studies in the home or in self-reported sleep measures. Researchers and clinicians seldom inquire about the dyad's sleep location and whether there is bed sharing, room sharing, or separate bedrooms. For example, sleeping in the same bed may reduce the caregiver's burden at night but may increase the potential for disturbed sleep. A dyadic approach to sleep data analysis may reveal how caregivers and patients influence each other's sleep. Interventions for the dyad that included symptom management, coping effectiveness, and other components for patients with cancer and their caregivers improved coping, self-efficacy, and social quality of life for both caregiver and care recipient, and the caregiver's emotional quality of life also improved [45] . Interventions targeting sleep disturbance for caregivers and for care recipients may provide synergetic effects in improving sleep in dyads.
Major limitations in the reviewed studies were the dominance of cross-sectional designs with small samples and either the lack of objective prospective sleep measures or the use of self-report measures that reference varying time frames from 1 week to 6 months. Three studies used longitudinal designs [17•, 26, 29•] , and six studies assessed objective sleep using wrist actigraphy [15•, 16, 18, 22, 29•] or accelerometry [20] . Thus, more studies are needed to better understand how sleep quality changes over time for family caregivers and factors that influence their sleep even before therapy begins in addition to when the care recipient is undergoing treatment as well as a recovery period.
Although researchers have validated actigraphy with polysomnography measures of sleep and wake time for healthy adults and disturbed sleepers [46] [47] [48] , actigraphy does not allow assessment of sleep stages. Polysomnography data indicate shorter TST, poorer sleep efficiency [49] , more stage N1 sleep, and less stage R [50] in caregivers of a family member with dementia compared to noncaregivers. Further research with polysomnography would yield a better understanding of altered sleep in caregivers but would be less likely to consider aspects of daytime sleep or sleep pattern variability in the home caregiving environment.
Only two studies included aspects of circadian sleepwake phase or circadian rhythm in caregivers by reporting bedtime and wake-up time for the sample [18, 20] . Overall, bedtimes and wake times were highly variable. Caregiving burden may be worsened or improved by compatible dyad bedtimes and final wake times. Studies that include chronotype of the caregiver and care recipient would be informative and necessary when formulating potential intervention strategies for the family.
Four studies reported on sleep medication use [13, 18, 21, 23] , and two other studies reported PSQI use of sleep medication subscale scores [15•, 16] . One study was specific to antidepressant effects on caregiver sleep [29•] . Caregivers may not accept pharmacologic interventions if they feel that they must remain vigilant or fear that they will not awaken easily when needed by the care recipient. Caregivers of dementia patients reported that they slept lightly to assist their family member and assess their safety during the night [24•] . However, despite their awareness of poor sleep, these caregivers had not pursued or received assistance from clinicians [24•] . Clinicians should be sensitive to a caregiver's complaints of poor sleep and provide tailored interventions based on each individual's needs; this would improve sleep in this population.
Finally, 17 of the 22 studies in this systematic review focused on sleep in caregivers for persons with dementia or cancer. Further studies focusing on caregivers of family members with other types of acute and chronic illnesses, such as asthma, chronic obstructive pulmonary disease, myocardial infarction, stroke, heart failure, and HIV/AIDS infection, would be informative and important for clinical practice.
Some limitations of this systematic review should also be considered. We only included articles published from 2013 to 2016. Studies published before 2013 may have captured other important findings regarding the impact of caregiving on sleep. The study samples of caregivers were heterogeneous with respect to type of caregiving and relationship to the care recipient. The care recipients were also diverse, crossing many diseases and stages of illness. As in our systematic review, others have also reported inconsistent factors affecting sleep in caregivers of people with dementia and cancer [6••, 7••] . Thus, our results should also be interpreted with caution in light of the heterogeneous samples of caregivers in our review.
In summary, caregivers' experiences of poor sleep quality and sleep disturbance are highly prevalent. Objective sleep measures indicate short sleep durations, multiple nocturnal awakenings, and substantial sleep disruption (WASO). In addition to the care recipient's health status, we found that the caregiver's gender, age, relationship to the care recipient; status of employment; health status; and symptoms such as depression, fatigue, and anxiety were associated with sleep disturbance in caregivers. These characteristics may help clinicians identify caregivers at highest risk for developing sleep disturbance and in need of additional support. More research is needed to better understand when during the patient's illness trajectory, more caregiver support is most beneficial, how chronotype or bedtimes and final wake times can affect caregiver burden and sleep quality, and when pharmacologic intervention for the caregiver may be beneficial or harmful to the caregiving process. Developing targeted interventions for both caregivers and care recipients at specific time points may improve sleep for the dyad as well as for the entire family and help prevent adverse health outcomes related to sleep disturbance.
